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efasaor Knunyants, Moscow Academy of Science, Prospect Lenin, 
InstitUite of Elementary Organic Compounds. 

gOKCERNING THE REACTIVIT Y AND COIIJUGATION OP THE > -OLEFINES 
I ' ‘ By I. L. Knunyants •• •- •• 


f The specific prcperties of the vf -olefine reflected most 
Strikingly In their reactions with nucleophilic reagents have 
sow ceased to astonish chemists, since these properties are 
liocounted for by the electronic exhaustion of the 'J'-bond. 
looording to their speed of interaction with nucleophillo 

^Mipounds, the '^-olefines may be arranged in a row, with • 

. »; 

-ethylene the least reactive. 

1 The reverse holdb true in reactions with electrophllio 
I' 

Compounds. The same relationships are valid in radical reactions, 
|lphlch proceed the more readily, the weaker the bond of the 
jMageiTt forming the radical. Noteworthy in this respect are 
ue reactions of the 'f -olefines with nitrogen dioxide, in which, 
mpart from the dinitrocompounds reported by Cofmcm in 1949 e**^ 
^asseldine in 1953, exceedingly interesting nitrites of 3* 
l^ltroperfluor peo'affin alcohols and 3-nitroperfluomltroaoparaffins 
^(}uld be formed. 

L Investigation has shown that in these reaictlone, whldh 

e of a radical nature, the reactivity of the ^-olifinee, as 

night be expected, falls drastically from ^-ethylene via ^-propylene 

§and^-oyclobutene to ^-isobutylene. Thus, whereas tetrafluorethylene 

^acts with NgO^ explosively and a controlled reaction can be 

jfobtalned only in the medium of an inert solvent (CCl^j CHgOl-CEgOl, 

1^#te. )• -isobutylene can be drawn into the reaction only at 

^60 - 180*C. without the use of e solvent. In every case, alohg 

^with dlnltro-Y”P®^*Jf^i®* there do indeed appear nitrites of fi' -nltro- 

i'f -paraffin alcohols, whose formation earlier investigators somehow 

^failed to notice. When '^-ethylene, Nf -propylene , and ^—iso-butylene 

i 

i are nitrated, the ratios of the dinitro paraffins and the nitrites 
foxmedare Itl, l!4, and 1:1 respectively. 
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t Th® raaction >egin8 with the 'f-olifine teing,, attacked hy tkf 
^dloal-like electrophilic particle NOg and leads to a radical 
^tablliBed by the interaction of the odd electron with C-F bonds, 
^hioh Hasseldine rightly compares in stability with tertiaiy 
Ipadloala. The further recombination of these radioals gives 
jj^ss to nitrites and nitrosocompounds: 
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T|s nitrites of p-nitro-'f -paraffin alcohols foimed are stable* 
lygUds with low boiling points (the nitrite of p-ni tyn^-fcVi^nAi 
ixj^i .t yj; propAol. at 57®, and isobutanol, at 48®). They 
aM very easily hydrolized into corresponding a -nitro-'^ -paraffin 
acids, which, unlike the hydrocarbon d-nitro acids, are 
e»eedingiy stable with respect to heating. For instance, CF^IIOg- 
CoIB is distilled without any decomposition at 80® (31 am.); 
CFi-CFHOg-COOH, at 119® (760 laa. ), and (CF^ )2CN02-C00H, at 151* 

94w Ml. )• The stability of these acids is due to the iaposslblli'ty 
ofaRmieving a saturated state with a negative charge on the oxygen 
at^ of the nitrogroup, owing to the electron-oonstrlcting effect 
of i^e fluorine atoms and the methf rllic groups whioh are in ha - 
poAtion with respect to the carboxyl (diagram !)• 
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▲ closer examination of this interesting type of unsatnrated 
oompounds thus reveals specific features of their reactivity, 
wjiich are often a result of the effect of C-P bond conjugation. 
Hoerevar, the phenomenon of bond conjugation is borne out moat 
d^iklngly by the reactions of the 'f-olef ina with nuoleophllio 
j^hgenta. These reactions reveal the existence of conjugation 
i^t only in the non-reacting molecule of the -olefine, but also 


^ the intermediate ions and transient complexes fonad ip the 
iiolaophilio attack. The attacking particle of the nucleophilio 


Magant, the ion or mbll^^ule carrying a free pai*r of aLeotrona 
Lproaohos the oarbon atom of the -olefine with the least alsotron 
^Msity. The static bond conjugation in this case begins to acquire a 
muBiio ohmrtctor,‘.whiclLiis adequately designated by the transoription 
« an ion, idiioh actually represents one of the saturated states 
the raaotion intartwinement. The stabilisation of this ion 
bs affaotad in difforont iWays: 


^ 
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1 ) 

2) 

3 ) 


f , 

» -4- 

r 

r 1) oo«blii«tlon with a proton to form a saturatad ooBpoandl 

allmlnation of a halogen atom of the trlfluoneetharl group 
to form a’produot of alUqrl eubstitutlon (II)j . 

elimination of a fluorine atom from the alphar-pomttiom . 
with reepeot to the euhatitutlng agent to form a produot 
of vinyl sutstitution (III). 

Iho last procesB takes place owing to the double oonjugation 
the intermediate ion:’ a) of the negative charge with the C-f 
L, and h) of the p-eleotrone of the substituting agent with the 

0-? bond. 

The tendency to form unsaturated oompounds inoreasee with 
mobility of the electron pair of the attacking reagent and with 
degree of dispersion of the negative charge in the intfflcmediate 
Jen. When secondary amines act on 'f -ethylene, '^-propylene, and 
^-Isobutylene, the products of combination and vinyl substitution 
thus formed in the ratios of 1:0, 0.7:0. 3. and 0:1 respectively. 
It is noteworthy that when amines act on perfluorlsobiitfeieBeo 
Lth an alkyl or aryl radical in position 1, we observe only the 
ibstltution of the fluorine atom in the trifluormethyl grouPf 
Loh ie a result of the conjugation of the C-F bond in the 
Luoimethyl group with the multiple bond in the non-reaotlmg 



leouie. 
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when aa •lectron-donor substitute is replaced by an 
fXeotpophilio one in position 1 in the molecule of fluoriaobatylene. 
til# general conjugation of the system is dislocated. Thus, ' 

(Utrinuormethylacrylio acid with secondaiy amines fozmu only 
pjpoduota of addition, and, since the electrometrio effect ( -l) 

<#-th# carboxyl group proyes weaker than the inductive effoot (-1 ) 
th# two ■•thforilie groups, the addition of ammonia and th# 


I PwaaoM oi^y li««nuorv.lln. and it. dorlvattv... 
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A« taHraatlns nw inatanc. of nuoLophiUo aubatltutloa itf 
I fluorolaflBs la th.lr raaotlon with trialkylphoaphlta, raaaatlr 
dtlwnatrstad by tha author of tha praaaat papar: 
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j • peculiar case of the Arbuzov rearrangement fumiahea axt^ 
protf . that the attack of an uncharged particle with an undlvldad 
eleif^ pair oan be the primary act in the interaction of a * 

• imclaophllic reagent. 
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Another ttrlking Instane^ of tho differont bond ooajui^tiOB 
of tho ^•'Oloflnos is affordod by tho aalon'troplo 

^Mrm^tmont of porfluorallyl compounds into perfluorpropsnyl 

) 

^fctKpcwoA»f th# author obserrsd* ^hs motivs f cross in 






'k-) 

-CF^fx 

cf,»cf-c/i- oc*«r -y--> 

Oft-Cf-Cf^-CCHy 

eft-s-Cf-CF^-OCvFi- 5 

FJCc^rX 



'''•T 

(,• /*2 J- 

int ars, on ths 6ns hand, ths nsgatlvs ohmrgs of t|M fluorlnt 



In ths ft~posltion, and, on ths othsr, ths posltlvs of. 

of ths oarboa. 

iiw isndsnoy^ to^^ards such a rsarraagsmsnt rlsss with ths 
W hf ‘ths uadttidfiid. sisptroa. pair . of . ths -subatituts in ths V 
position* What is mors, ths psrfluorpropshyl oomponad fozssd 
•SSXSStioally mors stabls, owing to ths conjugation of ths 
Ltiisd ^sotroa pair of ths substituts with ths aultipls Wad and 
wl'tt ths C-P bond in ths trifluonasthyl group. 

•W I «r-A 

strnoturs of ths rsarrangsmsnt products bssa tpihasstrstsd 
ths sstsr of a*bromopsrfluorpropionlo sold, fsMsd bp 
: shponiflbstioa of ths bromination product of ths sstr\]r1||hf tlaii i 
* \ sstsr. ; ^ ' 

fho s^ssdlngly rsadf rsarrangsusnt of tsrtlaip oirbiiilid^ r 

.. * ■‘(y- 

ths psrtluorrlnyl group of atoms into fluoraahydridM of 
Kturatsd oarbonio acids , likswlss satabliahsd by ths SSthpr, 
.aXoag idsntioal linos. 
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The reactions of the 'f-olefines with nucleophilic reagents 
furnish instances of all the types of conjugation predicted 


■Tt 


res\|lts of the investigations have been published in; 


^ , AHCCCF N 12, 1957, 1439 

", N 11, 1956, 1353 

N 3, 1958, 648 
AHCCCF 114, 1957, 320 


1958, N 4, 540 
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. . PROFESS O.R N.N . VOROZHTSOV 


Moscow Hen cl ',‘1 GOV Institute 
of Sheciical Ti;;Gnnology. 
Moscow. 


AROMATIC FLUORINE C0?JP0UNDS . 

A convenient method of preparation of 2:4~dinitro 
^l^oro^srizene ciiid some other fiuoro compounds is a reaction 
of the corresponding aromatic chlorocompounds (containing 
two activating groups in o- and p- positions to a chlorine 
atom) with anhydrous potassium fluoride (without any 
solvent ). ^ This method is inapplicable for the preparation 
of aromatic mononi tro— fluorobenzene. We have found that 

caesium fluoride is far more reactive in this reaction than 
potassium fluoride. By heating o- and p-chloronitrobenzenes 
with anhydrous caesium fluoride, we obt'^iined in good yield 
the corresponding fluoronitrocompounds. The reaction may 
have some preparative value because caesium fluoride is 
readily re-generated from c'lesium chloride by means of ion 
exchange resins. 

Some reactions of fluoronttro-coinpounds in which the 
fluorine atom remains in the aromatic nucleus have been 
investigated. The action of chlorine at high temperature 
(about 200 c ) lea.ds to the substitution of nitro-groups by 
chlorine. Thus, from 1,3 difluoro,4,6 dinitrobenzene, 
there was obtained 1,3 difluoro 4,6 dichlorobenzene and 
■2,4,5 tri-chloro-f luoro-benzene v;as obtained from 
1— chloro— 3— fiuoro , 4 , 6 dim trobcnzene. By the action of 
chlorine on 2,4 dinitro , f luorobenzene there was obtained 
2 , 4 dicnlorot luorobenzene and depending on the conditions, 
various yields of fluoro-chloro-nitrobenzenes (mostly 
2 chloro 4 nitrofluorobenzene ). The nitration of 2,4 

dichloro-fluoro-benzene , gave 2,4 dichloro 5 fluoro- 
nitrobenzene. By the action of anhydrous caesium fluoride 
on this compound, there'was obtained 2 , 4 , 5 , trifluoro 
nitrobenzene. ^ 

The reduction of this compound by hydrogen with 
palladium black as catalyst, gave 2,4,5 trifluoro-aniline. 

The reduction by hydrogen with catalysts is applicable 
to the most reactive fluoro-compounds. From 2,4 dinitro 
fluoro-benzene , we have prepared 2,4 di-aminofluorobenzene* 
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